strain was studied. The parent Shigella strain caused a fatal enteric infection when fed to starved guinea pigs, and signs of dysentery followed its oral administration to monkeys. The hybrid strain failed to produce any apparent symptoms when fed to either of these species. The parent strain was shown to invade the intestinal mucosa of starved guinea pigs. This caused a severe inflammatory reaction in the lamina propria, which progressed to ulceration of the intestinal epithelium and resulted in death of the animal. The hybrid strain also invaded the intestinal mucosa and produced an inflammatory reaction. In this case, the inflammatory reaction subsided, the intestine returned to normal within 4 days after challenge, and the animal survived. Both fluorescent-antibody techniques and in vivo growth studies have shown that the hybrid strain can not maintain itself in the intestinal mucosa. Preliminary studies have indicated that a similar situation also exists in the monkey. It is concluded that the virulence of dysentery bacilli rests not only in the capacity to reach the lamina propria, but also in the ability to multiply in this region.
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LaBrec et al. (1964) showed that an essential step in achieving a fatal enteric infection in starved guinea pigs by Shigella flexneri is the penetration of the intestinal epithelial cell by the infecting organism. The pathogen then gains entrance to the underlying lamina propria, where it multiplies and results in acute enteritis with ulceration. In the starved guinea pig this infection causes death, and in the monkey it produces the classical signs of bacillary dysentery. Dysentery bacilli which are rendered incapable of penetrating the epithelial barrier by spontaneous mutation cause neither death nor intestinal lesions in the starved guinea pig and apparently are innocuous when fed to monkeys.
Starved guinea pigs also survive challenge with S. flexneri organisms which have acquired the rha+-xyl+ region of the Escherichia coli K-12 genome by mating (Falkow et al., 1963) . The purpose of this communication is to describe experiments demonstrating that these hybrids, which appear to be avirulent in the starved guinea pig model, have in fact retained their ability to penetrate the bowel epithelium but have lost their capacity to maintain themselves within the intestinal inucosa.
MATERIALS AND METHODS
Ctultures. S. flexneri 2a strain 2457T has been used in our previous work (Formal et al., 1963; LaBrec et al., 1964) . It causes a fatal enteric infection when fed to starved guinea pigs (Formal et al., 1958) and classical bacillary dysentery wheni orally administered to rhesus monkeys (LaBrec et al., 1964) . The Hfr E. coli K-12 strain W1895 used in these experimenits was described previously (Falkow et al., 1963 in the small intestine of starved guinea pigs was described previously (Formal et al., 1963) . Oral infection of guinea pigs. Guinea pigs of the Hartley or Walter Reed strain weighing 300 to 400 g were used. They were deprived of food for 4 days and then fed 5 X 107 to 1 X 108 challenge organisms suspended in 10 ml of BHI broth by stomach tube. Immediately after challenge, 1 ml of tincture of opium was injected intraperitoneally. The animals were observed for 3 days after challenge. Virulent strains produce ulcerative lesions of the bowel and subsequent death in approximately 80% of the animals. Animals fed avirulent cells survive and do not exhibit any bowel lesions (Schneider and Formal, 1963; LaBrec et al., 1964) .
Infection of HeLa cells. The details of this procedure were described previously (LaBrec et al., 1964) . Strains of dysentery bacilli considered to be virulent invade and multiply within HeLa cell monolayers; strains thought to be avirulent do not.
Guinea pig keratoconjunctivitis test. The details of this procedure were described by Mackel, Langley, and Venice (1961) . Strains considered to be virulent enter the corneal epithelial cells (Piechaud, Szturm-Rubensten, and Pi6chaud, 1958) and cause keratoconjunctivitis; strains thought to be avirulent do not.
Oral infection of monkeys. Rhesus monkeys (Maccaca mulata) weighing 2.3 to 3.6 kg were used.
They were housed in individual cages, and their stools were examined daily for at least 1 week for evidence of bacterial pathogens. The challenge consisted of approximately 5 X 10'0 organisms suspended in 20 ml of BHI broth and was administered by stomach tube. The animals were then observed twice daily for 1 week for evidence of diarrhea.
Fluorescent-antibody and histological studies. Fluorescent-antibody studies on frozen tissue sections were carried out as previously described (LaBrec et al., 1964; LaBrec and Formal, 1961) . Tissues for histological study were fixed in neutral buffered formalin and processed by routine methods.
RESULTS
MIatings between the E. coli K-12 donor strain W1895 and the recipient S. flexneri 2a strain 2457T were performed, and the mating mixture was plated on a medium selective for Shigella which had received the E. coli genes determining the fermentation of xylose. The resulting hybrid clones were isolated and analyzed for the inheritance of unselected genetic traits from the Escherichia parent. A single hybrid strain, X16, which had incorporated the E. coli markers ara+, rha+, xyl+, and mal+ was selected for further study.
The colonial appearance of this strain was granular, giving a suggestion of roughness. Saline suspensions of the organisms, however, did not agglutinate when heated to 100 C, and the organisms did not agglutinate in 0.2% acriflavine or in undiluted normal rabbit serum. The surface antigenic structure of the hybrid was similar to that of the parent Shigella strain as indicated by reciprocal agglutinin adsorption tests. Both the parent and the hybrid strain were equally toxic for mice when suspensions of acetone-killed and dried cells were injected intraperitoneally (LD5o = 5 mg). In confirmation of a previous report from this laboratory (Falkow et al., 1963) , this hybrid did not cause a fatal enteric infection when fed to starved guinea pigs ( pigs (three animals per strain). Within 72 hr, animals receiving both the parental Shigella strain and the hybrid strain exhibited a purulent keratoconjunctivitis ( Fig. 1 and 2 ). The eyes of the animals which had received the E. coli donor strain remained normal. Similar results were found when the three strains were tested in the HeLa cell system. Within 7 hr after inoculation, both the X16 strain and the virulent parent were observed within HeLa cells ( Fig. 3 and 4 A possible explanation of this "abortive infection" was revealed in fluorescent-antibody studies of frozen sections of intestine from these animals. At 8 to 12 hr after oral administration of the hybrid strain, moderate to large numbers of specifically fluorescing bacilli were seen in the lumen of the intestine. At these times, organisms were observed in the epithelial cells and in the lamina propria of the mucosa (Fig. 7) . At 24 hr, however, few morphologically intact bacilli were seen in the lamina propria. Instead, the majority of the specifically fluorescing material appeared to be bacterial debris (Fig. 8) . Most of this material was found within tissue histiocytes and polymorphonuclear leukocytes, but some extracellular material was noted. At 48 hr, four of the six animals retained some fluorescing material in phagocytes of the mucosa, but the amount was considerably reduced from that seen at 24 hr. In only one of the animals were any morphologically intact bacilli seen. At 72 hr, no Shigella or bacterial debris could be found in the tissue or in the intestinal lumen. In contrast, large numbers of intact, specifically fluorescing Shigella were observed in the intestinal mucosa of animals 24 hr postchallenge with the parental 2457T strain. The E. coli donor strain was seen in moderate numbers in the intestinal lumen at 12 hr, but very few were present at 24 hr.
The inability of the hybrid strain to maintain itself in vivo was further confirmed by bacterial counts on the small intestine and its contents-a major region of bacterial growth in this experimental model (Formal et al., 1963) . Although the hybrid strain maintained itself well for 8 hr postchallenge, by 24 hr the number of viable hybrid cells was markedly reduced (Fig. 9) . This was not due to a difference in the rate of growth, because both strains multiplied equally well in vitro (Fig.  10) .
The parent Shigella strain and the hybrid were fed to rhesus monkeys in doses of approximately 5 X 1010 cells to compare the effect of these strains in this animal. The signs observed in animals fed the parent Shigella strain were not different from those previously described (LaBrec et al., 1964 dysentery with diarrheal stools containing blood and mucus; 9 others exhibited severe diarrhea; and the remaining 25 appeared normal. Of 43 animals fed the hybrid, 4 had a single diarrheal stool without blood or mucus. Six monkeys were killed 24 hr after challenge with the hybrid X16 strain. Two of these exhibited a mild acute colitis. Fluorescent-antibody studies revealed specifically fluorescing intact bacilli within the epithelium and lamina propria of the cecum and colon in three of these animals. Fluorescing bacterial debris was noted in phagocytic cells in the lamina propria. Large amounts of bacterial antigen and whole bacilli were also seen in the luminal contents. In all animals, the ileum appeared normal. DiSCUSSION
In a previous study (Falkow et al., 1963) , we reported that E. coli-Shigella hybrids rarely caused a fatal enteric infection in starved guinea pigs, provided that the virulent recipient Shigella strain incorporated the rha+-xyl+ region of the E. coli chromosome into its genome. The mechanism of this apparent loss of virulence was not studied at that time. Subsequent work (LaBrec et al., 1964) demonstrated that penetration of the intestinal epithelial cell by the bacterium is an essential step in the pathogenesis of bacillary dysentery. Dysentery bacilli which were incapable of penetrating the intestinal epithelial barrier acted like nonpathogenic E. coli when fed to starved guinea pigs or to monkeys. For a time, we assumed that the rha+-xyl+ Shigella hybrids fell into this category; i.e., they had lost their capacity to kill starved guinea pigs due to a loss in ability to penetrate into the intestinal mucosa. The present study shows that this assumption was not correct and suggests that not only invasion but the ability to multiply in tissue is an important factor in determining the virulence of dysentery bacilli.
Our initial experiments indicated that the apparent avirulence of the hybrid strain was not due to an inability on its part to penetrate epithelial cells. Indeed, the hybrid appeared to invade the epithelial cells of the cornea and HeLa cells in culture as well as did the highly virulent parent strain. In the intestinal tract, both the parental and the hybrid strains had the ability to reach the lamina propria and cause an acute inflammatory reaction. It is at this point that the difference between the two strains became dis- 
